Here, we sequenced and functionally annotated the long reads (1-2 kb) cDNAs library of an infratentorial ependymoma tumor tissue on PacBio RSII by Iso-Seq protocol using SMRT technology. 577 MB, data was generated from the brain tissues of ependymoma tumor patient, producing 1,19,313 high-quality reads assembled into 19,878 contigs using Celera assembler followed by Quiver pipelines, which produced 2952 unique protein accessions in the nr protein database and 307 KEGG pathways. Additionally, when we compared GO terms of second and third level with alternative splicing data obtained through HTA Array2.0. We identified four and twelve transcript cluster IDs in Level-2 and Level-3 scores respectively with alternative splicing index predicting mainly the major pathways of hallmarks of cancer. Out of these transcript cluster IDs only transcript cluster IDs of gene PNMT, SNN and LAMB1 showed Reads Per Kilobase of exon model per Million mapped reads (RPKM) values at gene-level expression (GE) and transcript-level (TE) track. Most importantly, brain-specific genes--PNMT, SNN and LAMB1 show their involvement in Ependymoma.
Introduction
Ependymoma arise from ependymal cells which line the ventricles of the brain and center of the spinal cord. They are soft, grayish or red tumors with cyst or mineral calcifications and are infratentorial or supratentorial in origin. They are both slow and fast growing tumors. Young adults and children show its predominance, in whom they account for approximately 10% of all brain tumors (Yao et al., 2011) .
Histopathologically they have been classified into four sub-groups and World Health Organization (WHO) has classified into three grades GradeI, II and III. Myxopapillary-and sub-ependymomas are slow growing (WHO-Grade-I) tumors occurring in the lower part of the spinal column and near ventricles of the brain respectively. Ependymomas and anaplastic ependymomas are fast growing WHO-Grade-II and III tumors occurring in posterior fossa regions (Palm et al., 2009 ).
Microarray based-transcript profiles of ependymoma have correlated with clinicohistologic characteristics. These studies have showed association of Notch and Sonic Hedgehog pathways to intracranial ependymomas, and homeobox-containing (HOX) family genes to extracranial ependymomas (Korshunov et al., 2003; Modena et al., 2006; Taylor et al., 2005) . Some reports have differentiated inra-versus extra-cranial ependymomas and normal tissue versus posterior fossa tumors on the basis of transcripts (Lukashova-v Zangen et al., 2007; Suarez-Merino et al., 2005) . Additionally, dysregulation of developmental pathways were identified in anaplastic ependymomas (Palm et al., 2009) .
However, ependymoma molecular characterization has been done to large extent but then also tumor-specific molecules are needed across diverse areas of oncology for use in early detection, diagnosis, prognosis and therapy. To address this issue, we performed Isoseq sequencing on histopathologically, immunohistochemically and molecularly classified Ependymoma (WHO grade-II), (Singh et al., 2015) a posterior fossa tumor from a 2 year-old-male with informed consent. We identified four and twelve transcript cluster IDs (HTA array 2.0) in Level-2 and Meta Gene 7 (2016) 70-75 Level-3 GO terms assignment. Further, when correlated these transcript cluster IDs with gene-level expression (GE) and transcript-level (TE) track data obtained through RNA Seq analysis, only gene PNMT, SNN and LAMB1 showed RPKM of 26.24929, 36.68109 and 3.376959 respectively and transcripts PNMT_1, SNN_1, LAMB1_3, LAMB1_1 showed RPKM 28.29116, 36.68109, 2.838438 and 0.93592 respectively.
Methodology
Total RNA extracted (Chomczynski and Sacchi, 1987) from tumor tissue (ependymoma) with RIN (RNA Integrity Number) N 8.0 was used for library preparation. The library was constructed as per Clontech SMARTer-PCR cDNA Synthesis Sample Preparation Guide" (Zhu et al., 2001) . 1-2 KB libraries were selected on 0.8% Agarose Gel, purified, end repaired and blunt end SMARTbell adapters were ligated. The libraries were quantified using Qubit (Invitrogen) and validated for quality by running a LabChip GX (Caliper Life Sciences) subsequently sequencing was done in 8-well-SMART Cell v3 in PacBioRSII. The isolated RNA of ependymoma tumor was further compared to normal control i.e. posterior fossa tissue from the normal trauma patient. The tissues were obtained after informed consent and the study was ethically approved by the Institutional Ethics Committee of the King George's Medical University. The detailed procedure of obtaining CEL files through Affymetrix HTA 2.0 arrays using 500 ng of total RNA according to the manufacturer's recommendations (Affymetrix, Santa Clara, Calif) has been previously documented by Singh et al. (Singh et al., 2015) . The CEL files generated by these arrays were converted into rma-gene-ful.chp and rma-alt-splice-dabg.chp files through Affymetrix Expression Console™ Software (version 1.3) and the data was analyzed through Transcriptome Analysis Console v3.0.
The generated raw sequences were processed for quality control checks including filtering of high-quality reads based on the score value, removal of primer/adaptor sequence reads and trimming of read-length using Celera assembler followed by Quiver (Chin et al., 2013) . Putative function of the assembled contigs was deduced by using them as queries against the SwissProt and the non-redundant (nr)-protein database in the BLASTX-program using a cut off E-value was set at 1e-6 and only the top gene-ID and name were initially assigned to each contig. Gene ontology (GO) annotation analysis was performed in Blast2GO (http://www.blast2go.org/) version 2.5.0 (Conesa et al., 2005) for the assignment of gene ontology terms. After gene-ID mapping, GO term assignment, annotation augmentation and generic GO-slim process the final annotation file was produced and the results were categorized with respect to Biological Process, Molecular Function, and Cellular Component at level 2.
Pathway analyses of unique sequences were carried out based on the Kyoto Encyclopedia of Genes and Genomes (KEGG) database using the online KEGG Automatic Annotation Server (KAAS) (http://www. genome.jp/tools/kaas/) by using Bi-directional Best Hit (BBH) method (Moriya et al., 2007) . Enzyme commission (EC) numbers were obtained and were putatively mapped for protein sequences to a specific biochemical pathway.
We also analyzed our clean data through RNA-seq tool (CLC Genomics Workbench-version) to produce mRNA expression levels for genes and/or transcripts, from samples of ependymoma-(m)RNA reads. This has been done by mapping the reads to reference genome (Homo sapiens-hg18) that includes gene annotations and (optionally) mRNA annotations. The total length of reference sequence was 3,080,436,051 including 36,693 genes and 49,495 transcripts. RNA seq report is generated for the query sequences giving the information of read sequences, reference sequences, total no of genes and transcripts in reference sequence, graph showing the number of transcripts per gene, graph showing the number of exons per transcript and graph showing the distribution of transcript length. Further, the mapped results were output as a reads track at the gene and transcript level showing expression values at the gene and transcript level, respectively in the form of unique count, total count and reads per kilobase per million (RPKM). Importantly, the maximum number of hits for a read parameter was set for 1 to consider uniquely mapped reads. The number of reads and reads per million were determined using the CLC mapping program.
Results and discussion
Using Celera assembler followed by Quiver, a total of 1,19,313 raw sequence reads with maximum length of 5580 bp length were generated encompassing about 577 MB of sequence data in fastq format. A total of 19,878 contigs (with a length of 500-3000 bp) had significant BLASTX hit corresponding to 2952 unique protein accessions in the nr protein database (Table 1 and Fig. 1 ). Gene ontology (GO) analysis of these 2952 unique proteins resulted in a total of 50,596 GO terms including 27,484 (54.32%) biological process terms, 10,518 (20.78%) molecular function terms and 12,594 (24.89%) cellular component terms. Among the biological process category 4592, 3980 and 3662 genes were related to cellular processes (GO:0008150), single-organism process (GO:0008150) and metabolic process respectively; a significant numbers of genes were also identified from biological regulation (2961), response to stimulus (2136), localization (1748), cellular component organization or biogenesis (1616), multicellular organismal process (1615), developmental process (1492) and signaling (1402) subcategories. Similarly under molecular function category, 3724 genes were involved in the binding process (GO: 0005488) and 1676 genes in the catalytic activity (GO: 0003824); whereas under the cellular component category, 4925 genes from cell (GO: 0005623), and 3570 genes corresponded to organelle (GO:0043226), 1768 genes corresponded to macromolecular complex (GO:) and 1692 genes corresponded to membrane (GO:) were the most represented categories (Fig. 2) .
Enzyme commission (EC) numbers were assigned with 442 enzyme codes for 1172 unique sequences (Fig. 3) . 307 KEGG pathways were represented by 2952 unique transcripts (Supplementary Table 1) including cancer-related (KO052000: 39 transcripts coding 35 genes) (Fig. 4) , transcriptional misregulation (KO0502: 35 transcripts coding 21 genes), microRNA (KO0520622: 22 transcripts coding 18 genes) and proteoglycans in cancer (28 transcripts coding 26 genes) pathways.
Statistical distribution showed majority of BLASTX-hit sequences of ependymoma transcript produced similarities with Homo sapiens followed by other species like Macaca fasicularis and Macaca mulatta (Fig. 5) . The nucleotide sequence of the infratentorial ependymoma has been deposited in NCBI/SRA under accession no. SUB1031314.
Additionally, when we screened GO terms of second and third level in alternative splicing data obtained through HTA Array2.0. The identified transcript clusters showed linear gene fold change based on the average of all the eligible exons Probe Specific Regions (PSRs) intensities in that gene between ependymoma and control samples. We identified four and twelve transcript cluster IDs in Level-2 and Level-3 respectively with alternative splicing index Supplementary Table 2. The four transcript clusters of Level-2 of HMCN2, CES1P1, LILRB4 and SRRD genes owed to various biological processes like metabolic process, response to stimulus, immune system process and rhythmic process. While twelve transcript clusters of Level-3 of IL2RG, GAL3ST2, ANTXR2, ULBP2, LAMB1, PON3, TDH, IFITM5, TPH2, HDGFRP3, SNN and PNMT genes owed to reproductive process, response to external stimulus, response to biotic stimulus, biosynthetic process, antigen processing and presentation, methylation, circadian rhythm, immune response, cell proliferation, response to stress, cellular metabolic process and cell adhesion. The various isoforms of the identified transcript clusters of level-2 and level-3 has been depicted in Supplementary Table 3 and Supplementary Figs. 1 (a-d) and 2 (a-l) .
This shows that identified transcripts in 1-2 Kb fragments of ependymoma sequence show differential regulation at gene level and alternative splicing index on comparison with normal sample. Most of the proteins predicted include the major pathways of hallmarks of cancer (Hanahan and Weinberg, 2011) .
Through RNA-seq analysis (mapping statistics) we identified that out of 4, 69, and 559 fragments, 1, 83, and 302 were counted and 2, 86, and 257 were uncounted fragments. In counted fragments 1, 77, 550 fragments uniquely mapped to reference human genome (hg18) and 5,752 non-specifically mapped (Supplementary Table 4 ). Further, counted fragments were divided into different types like reads that mapped completely to exon; reads that mapped across an exon junction and reads that completely mapped to introns.
The gene-level expression (GE) track holds information about counts, length as annotated and expression values for each gene involved in Ependymoma on using one reference sequence per transcript (Supplementary Table 5a ). Total number of genes identified were 20, 274. The expression values are expressed as total count (sum of total number of reads mapped to the gene and total number of reads mapped to the reference sequence (un-annotated references)), unique count (total number of reads mapped to the gene) and normalized RPKM (Reads Per Kilobase of exon model per Million mapped reads). It also shows unique (number of reads that match uniquely to the gene) and total gene reads (number of reads that match uniquely to the gene and reads that map to more positions in the reference other than the gene), annotated (based on mRNA annotations) and detected transcripts (no of annotated transcripts to which reads have been assigned). Similarly, it also expresses unique exonic reads (number of reads that match uniquely to the exons including across exon-exon junctions) and total exon reads (number of reads mapped to this gene that fall entirely within an exon or in exon-exon or exon-intron junctions) accompanied with unique exon-exon (reads that uniquely match across an exon-exon junction of the gene) and total exon-exon reads (reads that uniquely match across an exon-exon junction of the gene as well as multiple matches that were assigned to an exon-exon junction of this gene). Besides exonic, unique intron-exon (reads that uniquely match across an intron-exon junction of the gene) and total intron-exon reads (maps across an intron-exon boundary of the gene) are also depicted in the GE track (Supplementary Table 5a ).
Each row in the transcript-level expression (TE) track table corresponds to an mRNA annotation in the mRNA track used as reference (Supplementary Table 5b ). It holds information about counts i.e. 11, 202 transcripts for 20, 274 genes, length as annotated and expression values as RPKM and relative RPKM (RPKM for the transcript divided by the maximum of the RPKM values among all transcripts of the same gene) for each transcripts involved in Ependymoma (Supplementary Table 5b ). The track also depicts information about unique (number of reads in the mapping for the gene that are uniquely assignable to the transcript) and total transcript reads ('Unique transcript read's plus the remaining (non-unique) transcript reads which are assigned randomly to one of the transcripts to which they match), annotated (number of transcripts based on the mRNA annotations on the reference) and detected transcripts (no of annotated transcripts to which reads have been assigned).
Importantly, genes that mapped distinctly at gene level (GE track) did not mapped uniquely to particular transcript i.e. were non-specific at transcript level (TE track), hence suggestive of transcript isoforms of the particular gene involved in Ependymoma (Supplementary Table  5a and b).
The identified four and twelve transcript cluster IDs (HTA array 2.0) in Level-2 and Level-3 GO terms when correlated with GE and TE track data obtained through RNA Seq, only gene PNMT, SNN and LAMB1 showed RPKM of 26.24929, 36.68109 and 3.376959 respectively and transcripts PNMT_1, SNN_1, LAMB1_3, LAMB1_1 showed RPKM 28.29116, 36.68109, 2.838438 and 0.93592 respectively (Supplementary Table 6a and b). Involvement of Phenylethanolamine NMethyltransferase (PNMT) has been reported in neuroendocrine differentiation (Yang et al., 2013) and its differential regulation has also been reported in neuroblastoma (Castro-Vega et al., 2015a) , ependymoma (Castro-Vega et al., 2015a) , paraganglioma (Castro-Vega et al., 2015a; Castro-Vega et al., 2015b) and different subgroups of breast cancer (Dai et al., 2014) . SNN (Stannin), a protein coding gene associated with the disease-cavernous hemangioma, a collection of small blood vessels (capillaries) in the central nervous system (CNS) shows its mRNA expression in brain tissue (SNN Gene Cards). Laminin B1 (LAMB1), involved in the organization of the laminar architecture of cerebral cortex. It is most likely also required for the integrity of the basement membrane/glia limitans that serves as an anchor point for the end feet of radial glial cells and as a physical barrier to migrating neurons. Radial glial cells play a central role in cerebral cortical development, where they act both as the proliferative unit of the cerebral cortex and a scaffold for neurons migrating toward the gial surface (LAMB1 gene cards). LAMB1 has also been identified in Diffuse intrinsic pontine glioma (DIPG) a highly morbid form of pediatric brainstem glioma (Saratsis et al., 2014) . As per the gene cards the expression images based on data from Illumina Human BodyMap show mRNA expression of all the three genes in brain tissue as well as cerebellum. Hence, after streamlining the data through both HTA array 2.0 and Isoseq analysis, we report the involvement of brain-specific genes-PNMT, SNN and LAMB1 in Ependymoma.
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.mgene.2015.11.004.
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